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Table 1- Some physical and chemical properties of the soil at the test site
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Soil Sand Silt Clay EC H oM N P K
oil texture %) %) %) (ds.m) p (%) (%) (ppm) (ppm)
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70 17 13 1.36 7.73 0.83 0.05 14.8 256.4
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Table 2- Analysis of variance of element concentrations in quinoa seeds and soil organic matter

a0 ) &l g9, : i SToeole
Ol gt 23bo _ &l y5g yiand ailo 48 Al puawliy ailo ol
et & 6ol OI9 7 B o L2 Grain o =B =B
SOV GrainN Grain P Grain K Grain Fe . .
df Zn Soil K Soil OM
pRS
o 2 901.82" 0.00009 ™ 39194.66 "™ 45.21" 0.0008 ™ 722.19"™ 0.09"
Replication
[CYRORTIOL I ”
e 2 177493.99" 0.001" 60707.1" 250.38 ™ 0.23™ 912.52% 0.07
Vermicompost (a)
ol sl
. 4 357.39 0.0003 34479.27 27.82 0.004 59.19 0.015
Main error
(b) olosis 255 o
] - 3 150748.92™ 0.003" 57881.54 14217 0.03™ 64.70™ 0.06"™
Chemical fertilizer (b)
395 XluwgeoS (00)9
b 6 315740.59™ 0.006™ 225628.52™ 14454 ™ 0.08™ 214.34™ 0.22"
axb
=P sl
18 379.62 0.0004 38011.70 22.28 0.003 87.04 0.049
Sub error
- 8.07 476 15.60 5.39 6.07 6.03 3.31
C.V (%)

il e aoy0 Y 6kl s jo (5,l0 sire gl g lo ire gl pas Sl i
ns and **: show no significant difference and significant difference at the statistical level of 1%.
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Table 3- Comparisons of average concentrations of elements in quinoa seeds and soil organic matter

R NER i i
w,?.asso,, Cobw wrloonds s &ls M &ls ,,,....»L..’ 431;_‘5,) 45|.>-(_,.a»| Jl;;-‘;l oslo
Vermicompost levels Fertilizer . Grain P Grain K Grain Zn Grain Fe Soil OM
(tons/ha) levels GrainN (%) (%) (mg/kg) (mg/kg) (%)
(%) Ge)
0 25 0.142' 0.26° 0.085° 77.54¢ 59.09 0.89¢
50 0.154) 0.38¢ 0.126% 81.87% 70.27° 0.90¢
75 0.166' 0.39¢ 0.130°%¢ 76.53¢ 68.18 0.92«
100 0.203° 0.39¢ 0.132%¢ 86.73" 62.12/ 0.93°
5 25 0.146" 0.40¢ 0.104°% 82.55% 67.779 0.93°
50 0.170" 0.41¢ 0.114bcce 89.23% 62.321 0.94%
75 0.189° 0.43° 0.125% 88.66" 63.43" 0.95
100 0.208° 0.44° 0.148%® 95.37% 56.26% 0.96°
10 25 0.178¢ 0.45° 0.089¢% 89.74% 82.02¢ 0.96°
50 0.184f 0.46° 0.1471%%¢ 102.67* 90.11° 0.98%
75 0.195¢ 0.53° 0.145% 86.48 84.25° 1.017
100 0.241° 0.58% 0.154° 91.91° 93.58° 1.04%

..\J)Lb' G)bu’.;.u Lg)LeT Sl ‘Sf"‘“‘ «35):> Lgl)b L§L°u'5"L"‘° OFw o 50
In each column, the means with common letters do not have a statistically significant difference.
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Table 4- Comparison of average concentration of soluble potassium in soil
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Abstract

Introduction: Quinoa (Chenopodium quinoa) seeds are an excellent source of antioxidants,
vitamins (B1, B2, C, E), and minerals (K, Fe, and Zn). Considering its nutritional value, the
cultivation of quinoa is crucial. This plant can produce high vyields in soils with low fertility.
Various natural ecosystems are irreparably harmed by the misuse and imbalanced application of
chemical fertilizers. In addition, continuous use of these fertilizers without organic fertilizers will
degrade the soil's physical, chemical, and biological properties, leading to environmental
degradation. The use of organic fertilizers such as vermicompost increases plant yield and improves
soil structure by increasing the amount of available water and nutrients to plants, followed by an
increase in the soil's organic matter content. In this study, we proposed optimal levels of
vermicompost and chemical fertilizers and evaluated their impact on the elemental content of red
quinoa and certain soil properties in the Sistan region.

Materials and Methods This research was conducted on the research farm of the University of
Zabol during the 2019-2020 growing season. The experiment was conducted using split plots in
randomized complete block designs with three replications. In this experiment, three levels of
vermicompost were considered for the main plot (zero, five, and ten tons per hectare), while four
levels of chemical fertilizer were considered for the subplot (25, 50, 75, and 100 percent). To
determine the physical and chemical properties of the soil, samples were taken from a depth range
of 0 to 30 cm prior to the commencement of tillage. Before planting, triple superphosphate and
potassium sulfate fertilizers were added to the soil. Before planting, during the 6-8 leaf stage, and
prior to flowering, nitrogen fertilizer derived from urea is applied. After harvest, the proportion of
soil organic matter and grain elements was determined. SAS software (version 9.1) was used for
statistical analysis and mean comparison .

Results and Discussion: According to the results, the combined effect of vermicompost and chemical
fertilizers was significant for all measured properties with the exception of the concentration of soil -
soluble potassium (concentrations of N, P, K, Fe, and Zn in grain, and soil organic matter). Compared to
the control treatment, the amount of seed elements such as nitrogen, phosphorus, potassium, zinc, and
iron as well as soil organic matter increased by 18.71, 48.71, 16.66, 5.97, 50.64, and 11.82%,
respectively, when 10 tons of vermicompost was applied per hectare with 100 percent of the
recommended chemical fertilizers. Vermicompost had a significant effect on the concentration of
soluble potassium in the soil, but the concentration of this element was unaffected by the combined
effects of vermicompost and chemical fertilizers. The highest amount of soil-soluble potassium was
produced by 10 tons of vermicompost per hectare, which increased by approximately 29.2% compared
to the control treatment.

Conclusion: In conjunction with chemical fertilizers, 10 tons of vermicompost per hectare
increased soil organic matter and quinoa nutrient concentrations. Development of high-nutritional-
value crops that can be grown on low-fertility arable land, such as quinoa, can significantly reduce
the use of chemical inputs. Due to the favorable climatic conditions, the introduction of quinoa as a
plant that grows in the Sistan region will increase the region's crop diversity, sustainable production,
farmer incomes, and food security.
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